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(54) Bacterial strain and genome of bifidobacterium 



(57) The present invention pertains to a- novel mi- 
croorganism of the genus Bifidobacterium longum, in 
particular to its genomic sequence and the nucleotide 
sequences encoding polypeptides of Bifidobacterium 
NCC27Q5 (CNCM 1-2618), which are secreted or spe- 
cific or which are involved in the metabolism, in the rep- 
lication process, and to polypeptides encoded by such 
sequences as well as to vectors including the said se- 
quences and cells or non-human animals transformed 
with these nucleotide sequences and vectors, respec- 



tively. The invention also relates to transcriptional gene 
products of the Bifidobacteruim genome and to methods 
of detecting these nucleic acids or polypeptides. The in- 
vention eventually comprises a data carrier comprising 
the nucleotide sequence and/or polypeptide sequence 
of NCC2705 and also pertains to food and pharmaceu- 
tical compositions containing said microorganism forthe 
prevention and/or treatment of diarrhea brought about 
by rotaviruses and pathogenic bacteria containg said Bi- 
fidobcterium. 
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.. Description 

[0001] The present invention pertains to a novel microorganism of the genus Bifidobacterium tongum, in particular 
V V;; ; to its genomic and plasmid sequence and nucleotide sequences encoding polypeptides of said Bifidobacterium, to 
.• 5 V vectors including the said sequences and ceils or non-human animals transformed with these nucleotide sequences 
V . and vectors, respectively. The invention also relates to transcriptional and translation^ products of the Bifidobacterium 
' • . V , genome and to methods of detecting these nucleic acids or polypeptides, respectively. The invention also relates to a 

data carrier comprising nucleotide sequences and/or polypeptide sequences of NCC2705. In addition, the present 
■ Invention pertains to the Bifidobacterium longum strain NCC2705 and also to food and pharmaceutical compositions 
[10 containg said Bifidobcterium or active components thereof for the prevention and/or treatment of diarrhea brought 

about by rotaviruses and pathogenic bacteria. 

[0002] Organisms that produce lactic acid as a major metabolic component have been known since decades. These 
bacteria are normally found in milk or in milk processing factories, respectively, living or decaying plants but also In the 
intestine of man and animals. These microorganisms, summarized under the term "lactic acid bacteria 0 , represent a 
is rather inhomogeneous group and comprise the genera Lactococcus, Lactobacillus, Streptococcus, Bifidobacterium, 

• V ;}.:.' Pediococcus etc.. 

. . [0003] Lactic acid bacteria have been utilized by mankind as fermenting agents for the preservation of food taking 
benefit of a low pH and the action of products generated during the fermentative activity thereof to inhibit the growth 
>;■>■;.;•■ of spoilage bacteria. In addition, lactic acid bacteria have also been used for preparing a variety of different foodstuff 
? . fho'i ) ; such as cheese, yogurt and other fermented dairy products from milk. 

• i ; [0004] Quite recently lactic acid bacteria have attracted a great deal of attention in that some strains have been found 

: V,- ; to exhibit valuable properties to man and animals upon ingestion. In particular, specif ic strains of the genus Lactobacillus 
{ \ V v or Bifidobacteri urn have been f ou n d to pass the gastrointestinal tract in a viable and live form without getti ng destroyed 
; 1 in the upper part thereof, especially by the impact of the low pH prevailing in the stomach and be able to colonize the 
25 :. intestinal mucosa, with their temporary or sustained maintenance in the gut being presumed to bring about numerous 
positive effects on the health of the living beings. These strains are generically termed probiotics. 
1 .7 [0005] EP 0 768 375 discloses such a specific strain of the genus Bifidobacterium, that is capable to become im- 
planted in the intestinal flora and may adhere to intestinal ceils. This Bifidobacterium is reported to assist in immu- 
nomodulation, being capable to competitively exclude adhesion of pathogenic bacteria to intestinal cells, thus support- 
30 ing the maintenance of the individual's health. 

[0006] In view of the valuable properties particular strains of lactic acid bacteria may provide, there is a desire in the 
art for additional lactic acid bacterial strains that are beneficial to the well being of man and/or animal. In addition, a 
more detailed information is desired relating to the biology of these strains, in particular as regards the interaction with 
the hosts, the phenomena of passing different environmental conditions in the gut as well as having the capability to 
35 adhere to the intestine's mucosa and eventually the involvement in the enhancement of the immune system and defense 
against pathogens, which information will allow a better understanding of these mechanisms. 
[0007] Consequently, a problem of the present invention is to provide substantial data about bacterial strains that 
.; exhibit properties beneficial for man and/or animals. 
, [0008] In view of said problem, a subject of the present invention is the nucleotide sequence having the sequence 
40 ' SEQ. ID. No. 1 of the lactic acid bacterium Bifidobacterium longum NGC2705 genome and/or the nucleotide sequence 
SEQ ID. No 1099 of the plasmid contained tehrein. The invention is, however, not limited to the sequences indicated 
']'•. in SEQ. ID. No. 1 and SEQ ID. NO. 1 099, respectively, but encompasses genomes and nucleotides encoding polypep- 
tides of strain variants, polymorphisms, allelic variants, and mutants thereof. 
. [0009] In the figures: 

45 

Fig. 1 shows a graph, indicating the capability of Bifidobacterium longum NCC 2705 to adhere to human intestinal 
cells In culture; as a comparison another Bifidobacterium strain BL28 Ca1 was used; 

Fig. 2 shows the pathogen sensitivity of pathogenic bacteria towards Bifidobacterium longum NCC2705; 

Fig. 3 shows the activity of the cell lines NCC2705 and B1 28 against S. typhimurium SL1 344 infecting Caco-2 cells; 

\ '■ i 

• j Fig. 4 shows the rate of survival of mice infected with Salmonella typhimurium SL 1 344 and treated with the Bifi- 
dobacterium NCC2705. 

. : . 55 * 

\ Fig. 5 shows a scheme illustrating the cell culture screening for assessing rotaviral protective properties of the 
i bacterial strain NCC 2705. 
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[0010] The present invention is based on whole-genome sequencing of the genome of the Bifidobacterium longum 
strain NCC 2705, that has been deposited with the Institute Pasteur according to the Budapest Treaty on January 29 th , 
2001 receiving the deposit no. CNCM I- 1-2618. 

[0011] In a first aspect the present invention relates to nucleotide sequences selected from the group comprising (a) 
5 the nucleotide sequence of SEQ. ID. No. 1 ; (b) a nucleotide sequence exhibiting at least 90% identity with the sequence 
of SEQ. ID. No. 1 ; or (c) a nucleotide sequence that is homologous or hybridizes to SEQ ID. No. 1 under stringent 
conditions. 

[0012] In another aspect the invention relates to nucleotide sequences selected from the group comprising (a) the 
nucleotide sequence of SEQ. ID. No. 1 099; (b) a nucleotide sequence exhibiting at least 90% identity with the sequence 
10 of SEQ. ID. No. 1099; or (c) a nucleotide sequence that is homologous or hybridizes to SEQ ID. No. 1099 under 
stringent conditions. 

[0013] The terms genome or genomic sequence shall be understood to mean the sequence of the chromosome of 
Bifodobacterium longum. The term plasmid shad be understood to designate any extrachromosomal piece of DNA 
contained in the Bifidobacterium of the present invention. Nucleotide sequence, polynucleotide or nucleic acid are 
is understood to desigante a double-stranded DNA, a single-stranded DNA or transcriptional products of of the said DNAs 
at various length including oligonuclotides of about 10 to 100 nucleotides in length. 

[0014] A homologous nucleotide sequence according to the present invention is understood to mean a nucleotide 
sequence having a percentage identity with the bases of the nucleotide sequence SEQ. ID. No. 1 or SEQ. ID. No. 1 099 
of at least 80%, preferably 90% and more preferably 95%, 96%, 97%, 98% or 99 %. The said homologous may com- 
20 prise, e.g. , the sequences corresponding to the genomic sequence or to the sequences of its representative fragments 
of a bacterium belonging to the Bifidobacterium species, preferably the Bifodobacterium longum species, as well as 
the sequences corresponding to the genomic sequence or to the sequences of its representative fragments of a bac- 
terium belonging to the variants of the species Bifidobacterium. In the present Invention, the terms species and genus 
are mutually interchangeable. 

25 [001 5] These homologous sequences may thus correspond to variations linked to mutations within the same species 
or between species and may correspond in particularto truncations, substitutions, deletions and/or additions of at least 
one nucleotide. The said homologous sequences may also correspond to variations linked to the degeneracy of the 
genetic code or to a bias in the genetic code which is specific to the family, to the species or to the variant and which 
are likely to be present in Bifidobacterium. 

30 [0016] Protein and/or nucleic acid sequence homologies may be evaluated using any of the variety of sequence 
comparison algorithms and programs known in the art. Such algorithms and programs include, but are by no means 
limited to, TBLASTN, BLASTP, FASTA, TFASTA, and CLUSTALW (see e.g. Pearson and Lipman, 1988, Proc. Natl. 
Acad. Sci. USA 85 (8): 2444-2448; Altschul et al., 1990, J. Mol. Biol. 215 (3) : 403-41 0; Thompson et al., 1994, Nucleic 
Acids Res. 22 (2): 4673-4680; Higgins etal., 1996, Methods Enzymol. 266: 383-402; Altschul et al., 1990, J. Mol. Biol. 

35 215 (3): 403-410; Altschul et al., 1993, Nature Genetics 3: 266-272). 

[0017] In a particularly preferred embodiment, protein and nucleic acid sequence homologies are evaluated using 
the Basic Local Alignment Search Tool (* BLAST") which is well known in the art (supra). In particular, four specific 
BLAST programs have been used to perform the following task: 



(1) BLASTP 


Compares an amino acid query sequence against a protein sequence database 


(2) BLASTN 


Compares a nucleotide query sequence against a nucleotide sequence database 


(3) BLASTX 


Compares a nucleotide query sequence translated in ail reading frames against a protein sequence 




database 


(4) TBLASTN 


Compares a protein query sequence against a nucleotide sequence database dynamically 




translated in all reading frames 



50 

[001 8] Among these representative fragments, those capable of hybridizing under stringent conditions with a nucle- 
otide sequence according to the invention are preferred. Hybridization under stringent conditions means that the tem- 
perature and ionic strength conditions are chosen such that they allow hybridization to be maintained between two 
complementary DNA fragments. Such conditions of high stringency may e.g. be achieved by carrying out the hybrid- 
55 isation at a preferred temperature of 65 °C in the presence of SSC buffer, e.g. 1 x SSC corresponding to 0.15 M NaCI 
and 0.05 M Na-citrate. The washing steps may be, for example, the following: 2 x SSC, 0.1 % SDS at room temperature 
followed by three washes with 1 xSSC,0.1%SDS; 0.5xSSC, 0.1%SDS;0.1 x SSC, 0. 1 % SDS at 68 C for 15 minutes. 
[0019] The nucleotide sequence SEQ. ID. No. 1 and SEQ. ID. No 1099, respectively, has been obtained by sequenc- 
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ing the genome of and the plasmid contained in Bifidobacterium longum NCC2705 by the method of directed sequenc- 
ing after fluorescent automated sequencing of the inserts of clones and assembling of these sequences of nucleotide 
fragments (inserts) by means of softwares. To this end, fragments of the genome were created, ligated into suitable 
vectors for amplification and propagation and the corresponding fragments were sequenced. Overlaps and the final 

5 arrangement of the fragments, the nucleotide sequence thereof, were assessed by the aid of appropiate softwares. 
. [0020] The present invention is further directed to nucleic acid molecules comprising open reading frames (ORFs) 
encoding Bifodobacterium longum proteins. Therefore, according to another aspect the present invention relates to a 
polynucleotide having a nucleotide sequence of an open reading frame (ORF) of a Bifidobacterium longum genome 
comprising, (a) a nucleotide sequence chosen from any one of Seq ID. No. 2 to SEQ. ID. NO. 1 098; or (b) a nucleotide 

10 sequence exhibiting at least 95 %, preferably 96 %, 97 % 9B % and most preferably 99 % identity with any one of SEQ 
ID. NO. 2 to SEQ. ID. NO. 1 098; or (c) a polynucleotide which hybridizes to any one of SEQ. ID. NO. 2 SEQ. ID. NO. 
1098 under conditions of high stringency. 

[0021] These nucleic acid molecules may be obtained, by e.g. specific amplification of the corresponding sequence 
using the polymerase chain reaction. Due to the sequence information provided herein the skilled person may design 

15 and synthesize any suitable primer nucleotide arid amplify a fragment of interest using the polymerase chain reaction. 
Therefore, the present invention also comprises nucleotide sequences selected from sequence SEQ. ID. NO. 1 which 
can be used as a primer for the amplification of nucleic acid sequences. Other techniques for amplifying the target 
nucleic acid may of course be also be used, such as e.g. the TAS (Transcription-based Amplification System) technique, 
the 3SR (Self-Sustained Sequence Replication) technique, the NASBA (Nucleic Acid Sequence Based Amplification) 

20 :, technique, the SDA (Strand Displacement Amplification) technique or the TMA (Transcription Mediated Amplification) 
;;7». technique etc.. 

[0022] The (polynucleotides of the invention may also be used as probes and techniques for amplifying or modifying 
; a nucleic acid serving as a probe, such as e.g the LCR (Ligase Chain Reaction) technique, the RCR (Repair Chain 
' j ! Reaction) technique, the CPR (Cycling Probe Reaction) technique or the Q-beta-replicase amplification technique may 
25 well be applied. 

[0023] The present invention, therefore, envisages both hybridization (detection) probes and primers for detecting 
' a nucleoide sequence (target nucleotide) of the present invention. In the case of the target being a RNA molecule, e. 
g. a mRNA, said mRNA may be directly detected or transformed to a cDNA prior to detection. 
[0024] Alternatively, in order to obtain fragments of the nucleic acid represented by SEQ. ID. NO.1 the Bifodobacte- 
30 rium longum genomic DNA may be subjected to digestion with selected restriction enzymes, with the fargments being 
separated by e.g. electrophoresis or another suitable separation technique. Such techniques are well known in the art 
and are inter alia disclosed in Sambrook et al. A Laboratory Manual, Cold Spring Harbor, 1992. Such fragments may 
easily be obtained by isolating the genomic DNA of Bifodobacterium longum NCC2705 (CNCM 1-261 8) and performing 
the necessary steps. 

35 [0025] In an alternative form the nucleic acids may also be obtained by chemical synthesis when they are not too 
large in size according to methods well known to a person skilled in the art. 

[0026] Modified nucleotide sequences shall be understood to mean any nucleotide sequence obtained by mutagen- 
: esis according to techniques well known to a skilled person and exhibiting modifications in relation to the normal se- 
'-. quences, for example mutations in the regulatory and/or promoter sequences for the expression of a polypeptide, in 
40 particular leading to a modification of the level of expression of the said polypeptide or to a modulation of the replicative 
. ■ . cycle. Modified nucleotide sequence will also be understood to mean any nucleotide sequence encoding a modified 
' • , ' polypeptide as defined below. 

[0027] The subject of the present invention also includes Bifidobacterium longum nucleotide sequences character- 
ized in that they are selected from a nucleotide sequence having an open reading frame as identified by SEQ. ID. NO. 
45 2 to SEQ. ID. NO. 1098, shown in the table I below. 
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Table 1 (continued) 
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[0028] The ORFs corresponding to SEQ. ID. NO. 2 to SEQ. ID. NO. 1 098 nucleotide sequences are defined in table 
1 , supra, and are repesented by their position in sequence SEQ. ID. No. 1 . For example, the ORF3 sequence is defined 
by the nucleotide sequence between the nucleotides at position 785 and 2455 on the sequence SEQI No.1, ends 
, ' included. 

5/ [0029] The open reading frames have been identified via homology analyses as well as via analyses of potential 
• ORF start sites. It is to be understood that each identified ORF of the invention comprises a nucleotide sequence that 
. , spans the contiguous nucleotide sequence from the codon immediately 3* to the stop codon of the preceding ORF and 

through the 5* codon to the next stop codon of SEQ. ID. No. 1 inframe to the ORF nucleotide sequence. 
* ■ : * [0030] Table 1 also depicts the results of homology searches that compared the sequences of the polypeptides 
to\ encoded by each of the ORFs to sequences present in public published databases. It is understood that in one em- 
A bodiment, those polypeptides listed in Table 1 as exhibiting greater than about 99 % identity to a polypeptide present 
in a publicly disclosed database are not considered part of the present invention. Likewise in this embodiment, those 
nucleotide sequences encoding such polypeptides are not considered part of the invention. 

[0031] As regards the homology with the ORF nucleotide sequences, the homologous sequences exhibiting a per- 
. 15 centage identity with the bases of one of the ORF nucleotide sequences of at least 80%, preferably 90% and 95%, are 
v : : preferred. Such homologous sequences are identified routinely via, for example, the algorithms described above and 
in the examples below. The said homologous sequences correspond to the homologous sequences as defined above 
and may comprise, for example, the sequences corresponding to the ORF sequences of a bacterium belonging to the 
V. Bifidobacterium family. 

20 [0032] .These homologous sequences may likewise correspond to variations linked to mutations within the same 
)'{ species or between species and may correspond in particular to truncations, substitutions, deletions and/or additions 
; of at least one nucleotide. The said homologous sequences may also correspond to variations linked to the degeneracy 

'. : / \ ; i of the genetic code or to a bias in the genetic code which is specific to the family, to the species or to the variant and 

V v : which are likely to be present in Bifidobacterium. 

25 : [0033] According to a preferred embodiment the polynucleotide is a nucleotide sequence, which encodes the follow- 
ing polypeptides or fragments thereof: 



30 (a) SEQ. ID. No.5 (ORF13) 

MPTGRVRWFDAAKGYGFITSEEGKDVFLPAQALPTGVTTLRKGAKVEYSV 
VDGRRGPQAMDVRLI AS APS LVKATRPKADDMAAI CEDL I KMLDAAGNTL 
RRHRYPSAADSKKLATLLRAVADQFDVQD 

35 



40 



45 




i i 
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(b) SEQ. ID. No.525 (ORF1827) 

MTTAAAQAPAPGKLEFKDDYTPDEAERVI RNS KGLPVGVRPKMVWTWKKA 
LLWAAI AI VCACGWAI LAVSRGEQI SAI WFLVVALSSYAIAYRFYAYYIQ 
I KIMRTDDANATPAERVHDGANFERTDRRVLFGQHFAG I SGAGPLVGPI L 
AAQMGYLPSTLWI I LGVI FAGAVQDMLVLWI S AKRRGRSLGQMATDEMGK 
FGGMILS I FLVVMTAIAMAFLALVAI KAMAAS PWAVFS I GMT I PIALIMG 
CYQRFLRPGRVI ETTLLGFVLLVLD I VAGGW IAS I PAVAAVFTLDAKQLV 
I ALVT YS FAAAAL PHWLLVT PRD YLSTLMKI GTLVLLVI G 1 1 IANPSVKV 
PGLTELASTSTGPTFSGNLFPFLFITIACGALSGFHGAVSSGLTPKAVEK 
ENQIRMIGYGSMLVESFTAVIALIAAITISQGVYFSTNMSAAQITAASGV 
SI SATSTPGEQADAAVKAVESMKVSDIEGNQMQVTWDSVDENGAAKTYEG 
AAALEQAAADI GETS I VSRTGGATTFAMGMANFLKS YI/3GHDS MAFWYHF 
AI MFEALF I LTTVDNGTRVARYQ I GEMLGNVRKLKKFADPTWKPGN 
1 1 TTLIATALWGGLLWMGVSDANGGINAMVPI FGI SNQLLAAACFV 
LITVCVAKMGYWKHLWI PWPLVWDIAVTFTADFQKIFGPLSYFTT 
ASKYQAQIDSGELTGEALTNA1<AALSN^ 

WGIWVARTFAAGKYGAETTSEEPFVESQWFAPSSLVATALEKKV 
QREYSAKLHELVRNGQVAA 



c) SEQ. ID. No.424 (ORF1473) 



MTQSRRMLVLRAVVEDYIRSQEPVGSTSLTRDHDLGVSSATIRNDMAAIiE 
DEGYLIQPHTSAGRVPTEKGYRYFVDRLATWPLSEAQRRGINSFLSGSV 
SLKDALQRSARLLSEITGQVAWASPSIAKATLRHVEMVPVAMTTLLAVV 
ITDTGRVAQHGLTIASMPAVDEINRLSNTVNEQCIX5LSLSKSAETVRSIA 
ASAGYESWGVADTL7UDAFESMALDERANELYMSGTSHLAHSRSIiADIjAP 
LFDALEEQVVLMKIJ4SNLSEETNASGVGVAIGSEMHTPGLLHASWSSGY 
GRSGAAGEPAGNDPVGEPETESETESQTNDTEPIAFVGSIGPTHMDYAAT 
MAAVRAVARYLTAFLSEGRTQD 



d) SEQ. ID. No.548 (ORF1905) 



MYFKDGNDNAQRGGSTVRRSRQRRIMGRWSYNEDVPRCTFCGKTEHQVR 
KLVAGPNASICDECIALCVDI ISEERVKDAEVNSLSLPKPAQIFDYLNRY 
VIGQENAKRALSVAVYNHYKRVNMELQESAE 

VPTQTRATRRSNDPLADVEVAKSNI LLLGPTGVGKTYIiAQALARVMNVPF 
VITDATTLTEAGYVGDDVETVLQRLLQAADGDVSRAQHGIIYIDEIDKIA 
RKSGENTSITRDVSGEGVQQALLKILEGTIASVPLEGTRKHKEQDVAQMD 
TRGILFICGGAFVGLTDIVRKRLGRRETGFGANWHDADMKDEELLEQW 
DDLAEFGLLPEFIGRLPVTSVLKELTVDDLTAI LTQPANALI KQYRKLFA 
VDGVDLQFTEQAIRAIADIAIKQGTGARGLRSI I ERTLQDTMFQLPSLDD 
VRQVI VDKAS VEGS STPKIiLREAVDVPQGRLKVAQS VLI^RVRTHEA 
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e) SEQ. ID. No.74 (ORF219) 

MSEQLMEQYRLRGQRKCRNAGIAAIVTVVLVIAVAGGVWW^ 

NMFKPKATPATQPVVNSTATFAYRTAPEFLAMEAGDRGTGNVNYSPASMW 

MAIAIAAQGANGTTRSQLNELLGSGSLTDSDYQSLLSSINGQYSGAKSEM 

SAANSLWIDDDYSIASDYQSTVKKMFET^EVTTLPFDDQAAAKMSDWIAKH 

TNGSLKPKITLRDREVLS I INTVYADGRWKDPFEEQSTGNGTFHGEAGDA 

QVPMMHQTFSQMAYGHDEYNTWQRVEIPFDNGGNLAIVLPAEGHFDELAG 

DAEKLSWAFGTCSTASLGEGAMGCT^SMPGWGVSVNSVMVNVTLPRFTI 

DSMFDSEATI KAFEKLGVTDAFSAGDADFTKMIDTGSHGENLYI GS ILQG 

TRIEVNEAGAKAMSFTKVGADSVS APVDNVEFTVDRPFLYSYWPDGI PL 

FIGAVRNLGGVGGEN 



f) SEQ. ID. No.576 (ORF1972) 

MQIRPGSIWPIiGASYDGAGVNFALYSQVAQKVELCLFDEHDVETRIEMTE 
RNS YVWHNYI PGLHPGQRYGYRVYGPYDPVHGLRCNPNKLLLDPYAKAI E 
GNIDGDESLFSYWFKSPDDNSAMNDLDSAAHTMKSAVINPYFDWGNDQHP 
YISYHDSVIYEAHVRGMTNLNMDVPPDIRGTYAGLAYPS 
AIELMPIHQFVNDSFLQEKGLSNYWGYNTIGFFAPHNAYSSSGERGEQVN 
EFKSMVKAYHRAGMEVI LDVVYNHTAEGNHMGPTLS FKG I DNAS YYRL VE 
GIXJQHYFDTTGTGNSLLMRSPHALQLITDSLRYWVTEMHVDGFRFDLAAT 
LARQFQEVDKLS AFFD I VEQD P 1 1 SRVKLI AEPWDLGSGGYQVGGFPSSW 
SEWNGRYRDTVRDFWRSQPSTLPEFASRLMGSSDLYQVNGRRPVASVNFI 



TAHDGFTMNDLVSYNEKHNEANGEGNRDGESNNRSWNCGVEGPTNI PDVN 
DLRQRQMRNMFATLLFSQGI PMICGGDEVARTQQGNNNAYCQDNEI SWTN 
WHLDKGRKELLAFVSKLIHLRLDHPVLHRRRFFTGREPGDDSNTIPQVEW 
FDHTGSIMDMDDWQNTHAFSMMI YLNGSDI PEVDWYGNRMVDNDF I L I FN 
AHYEPIMFTLPDERYGRKWQLVVDTHNPNEPALSYEAGFMITAQSRSFLM 
LMSAKKPKKPMGL 



g) SEQ. ID. No.403 (ORF1403) 

ME I RARPHMASGS YRELFSARMMYGMQY I QQT I VG I DGSEARFFGYVADN 
SEEME PDRI RPAI LI LPGGGYAMTSDREAEPVALQFLAKGFAVFVLRYS V 
QPSRYPVALLEAAEAMRLIRANVDQWHVNPAQVAVLGFSAGGHIJVANIA 
S VGDEDI REQGGMDPDAWPNALMLS YPVI TAGKYAHRGS FQCLLGDQAH 
NQALLDKFS IEKHIDAKTPPVFVWHTMTDDAVPVENTLMLIQACRAAGVS 
IEAHLFPEGSHGLSLANAETAGNGFYMIVEWQCWPDLAEAWLRRLF 
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(h) SEQ. ID. No.804 (ORF2676) 

MFLKPEQQLERCRRIVRQRVDPHIHPSIAQLTVESYDIPGEPMPSDEFFA 

KLDRGDIDFKPFMLGSEWGTTWGTVWRIjTGTVPAGYPKGKPLELILDLG 

WYPHS CGGH I EGLVYRADGTAI KAVHPLNYWV P FMDAEGN AQVP VAEDG S 

FTLYLEAASNPLLLGVPPFIETELGDHATGKPDEPYVFKSADLAEFDERY 

ENYSVDLDWSSLMEFADKQSPRYWQLAKALQRSLNAYDERNPESVEAAR 

AVLAGVLAKPANASAMNVSAIGHAHIDSAWLWPVRETRRKVARW 

LMDADPDFKYAMSSAQQYAWLEEDHPDI FKRMKRRIEEGRFI PVGGMWVE 

ADGMLPAGESLIRQIAYGRKYFKEHLGVEPKGVWLPDSFGYTGAWPQIAR 

RAGYEWFLTQKISWNDTTKFPHHSFMWEGIDGSRIFTHFPPADTYAAWCK 

VQELDYAEKNFQDKbLSDRSLLLFGFGDGGGGPTRNMMEHLHRYENLTC 

SKVSIEEPNDFFDKAHQQLAENAGPEMPVWKGELYLELHRGTLTSQQDMK 

RGCRQEESLLRTVEYIX3AAAVLSDPEYVYPREELDRIWKTLLLNQFHDIL 

PGSAIAVA/HRE1AREDYRRDLKRLAEIAQDMCAVLRKANPQADLLAEARI S 

QFRNIX^S WHANRINE PTDALS VLTQTLDNGRVLLANGVL I EADGT I 

S SLLDEEHGRELVPAGTRLGQYELLRDEPAVWDAWE IERESLLMANAVTG 

S I ESVNTENGAAQVHVHTADGDTVI TTT I TLRPGSHTLDFHAD I DWHERE 

RFLKVDLPLGIVADQATYDCQYGLIRRPI VKNTASDEAKYESSTNRFAI I 

GDAGYAAAVINGSVYGSDASPIAGNAAEGRDSGTMFRLSLLSAPTFPDPR 

TDIGSHEFDWSWADATVDRALDAAGVLNAPVLHDVPDITPLAS IESVNG 

TVVLDWMKLADDGSGDLIVRAYEAAGGQADAMLHVCP 

EGDDIiAADLPVALQDGRQNAEGATLHFGPFQLATLRITR 



(i) SEQ. ID. No.313 (ORF1077) 

MISRDGWAVIDDSAANIIIETDTVNGKANPFGTWVSPRATAETDLYFFGY 
GHRYI EAVRDFYRLTGPTPLLPRFAMGNWWSRYYRYTQDGYIJUjr , ©RFKR 
EGIPFTTSVIDMDWHRVDDVDPKYGSGWTGYSWNRELFPDPPAFLADLHR 
RGLRTTLNVHPRDGVRAFEDAYPEVAKRVGIDPATEENVEFDLTNPDFVD 
AYFDMHHRMEAEGVDFWWLDWQQGGVTRQKGLDPL^ 



NWLTFSRYAGPGSHRYPVGFSGDTIVtWESLAFQPQFTATASNIGYGWW 
SHDIGGHMFGYRNEELEARWYQLGAFSPINRLHSSNSPFSGKEPWNF^ 
VSAAMVDALRLRHAMMPYLYTMNYRAAEAGRPLVEPMYWQNPDTPDAYEV 
PDEFRFGTEL WAP I VS PDDAAACRGRADAWLPQGE WFDFFDGRRYVS SD 
AAGRRLEVWRSLDRTPVFAKAGAI VPLQDVAESGEAINS IANPQALRVLV 
FPGADGSFVMREDRGTWGAPSADTAIAFTWGGADASPSAFTVAPVTGDTS 
AVPELRDWTVWRGVAPVDAASGVRAWSGEAPVEATVAYDEATMSLTVSV 
TGI SSAASLRIEI PGGLRIADNPVESDAMDLLLHAQMLYRTKELALQAVH 
KLGI GAI GALRTMNRGPRYANDFWI TDMPDAVAGALEE I LLRS 



[0034] According to another preferred embodiment the present invention comprises a polynucleotide encoding a 
fusion protein, comprising any one of SEQ. ID. NO. 2 to SEQ. ID. NO. 1 098 ligated in frame to a polynucleotide encoding 
a heterologous polypeptide. The skilled person is well aquainted with techniques performing such a ligation and ex- 
pressing the corresponding fusion-polypeptide in an appropriate cell. 
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[0035] The present invention also relates to recombinant vectors for the cloning and/orthe expression of a nucleotide 
sequence according to the present invention. The vectors comprise elements necessary to enable expression and/or 
secretion of the nucleotide sequences in a given host cell, such as a promoter, signals for initiation and for termination 
of translation, as well as appropriate regions for regulation of transcription. For example, expression of a protein or 
5 peptide may be controlled by any promoter/enhancer element known in the art. Exemplary promoters are the CMV 
promoter, the SV40 earty promoter region, the promoter contained in the 3' long terminal repeat of the rous sarcoma 
virus, the herpes thymidine kinase promoter, the regulatory sequences of the metallothionein gene, or, for prokaryotic 
expression systems, the p-lactamase promoter, the tac promoter or the T7 promoter 

[0036] The vector should be capable of being stably maintained in the host cell and may optionally possess particular 
io signals specifying the secretion of the translated protein. These different elements are chosen according to the host 
cell utilized. To this effect the nucleotide sequences according to the invention may be inserted into autonomously- 
replicating vectors within the chosen host, or integrative vectors in the chosen host, such as e.g yeast artificial chro- 
mosomes, plasmids or viral vectors. It will be appreciated that the vector may well be the plasmid accordig to SEQ. 
ID. No 1099 or a recombinant form thereof, which has been supplemented by particular ori's that enable a high copy 
is number. 

[0037] Any of the standard methods known to those skilled in the art for inserting DNA fragments into a vector may 
be used to construct expression vectors containing a chimeric gene consisting of appropriate transcriptionalAransla- 
tional control signals and the protein coding sequences. These methods may include in vitro recombinant DNA and 
synthetic techniques and in vivo recombinants (genetic recombination). 
20 [0038] The vector may be used for transcripton and/or translation of a nucleic acid comprised by SEQ. ID. NO. 1 to 
produce RNA or antisense RNA, respectively. Such a vectorcan remain episomal orbecome chromosomally integrated, 
as long as it can be transcribed to produce the desired transcript. 

[0039] The antisense nucleic acids of the invention comprise a sequence complementary to at least a portion of a 
RNA transcript of a polynucleotide sequence in SEQ. ID. No. 1 , designating a sequence having sufficient complemen- 
ts tarity to be able to hybridize with the RNA, forming a stable duplex. In the case of double-stranded antisense nucleic 
acid sequence, a single strand of the duplex DNA may thus be tested, or triplex formation may be assayed. 
[0040] The invention also encompasses host cells transformed with a nucleic acid or a vector according to the present 
invention and as described above. These cells may be obtained by introducing into an appropriate cell a nucleotide 
sequence or a vector as defined above, and then culturing the said cell under conditions allowing the replication and/ 
30 or the expression of the transfonmed/transfected nucleotide sequence. 

[0041] The host cell may be chosen from eukaryotic or prokaryotic system, such as for example bacterial cells, yeast 
cells, animal cells as well as plant cells, in the context of this invention a cell shall be understood to comprise higher 
biological systems. Such as animals, whole plants or parts thereof. Furthermore, a host cell strain may be chosen 
which modulates the expression of the inserted sequences, or modifies and processes the gene product in the specific 
35 fashion desired. 

[0042] A preferred host cell for the expression of the proteins of the invention consists of prokaryotic cells, such as 
gram negative or gram positive bacteria. A further preferred host cell according to the invention is a bacterium belonging 
to the Bifidobacterium family, more preferably belonging to the species Bifidobacterium longum or chosen from a mi- 
croorganism associated with the species Bifidobacterium longum. 
40 [0043] The transformed/transfected cells according to the invention may advantageously serve as a model and may 
be used in methods for studying, identifying and/or selecting compounds capable of being responsible for any of the 
beneficial effects brought about by the present Bifidobacterium strain. 

[0044] The invention further provides polypeptides encoded by the Bifidobacterium longum ORFs, in particular those 
listed in table 1 and identified in the sequence listings. In the present description, the terms polypeptide, peptide and 
45 protein are used interchangeably- Furthermore the present invention also pertains to method for preparing such 
polypeptides by recombinant means comprising the steps of (a) culturing a host cell according to the present invention 
under conditions suitable to produce the polypeptide encoded by the polynucleotide; and (b) recovering the polypeptide 
from the culture. 

[0045] It will be appreciated that the above polypeptides may also be obtained using combinatory chemistry, wherein 
so the polypeptide is modified at some locations before testing them in model systems, so as to select the compounds 
which are the most active or which exhibit the desired properties. 

[0046] In this context, chemical synthesis has the advantage of being able to use non-natural amino acids or non- 
peptide bonds. Accordingly, in order to e.g. extend the life of the polypeptides according to the invention, it may be 
advantageous to use such non-natural amino acids, for example in the D form, or alternatively amino acid analogues, 
55 preferably sulphur-containing forms. 

[0047] Finally, the structure of the polypeptides according to the invention, its homologous or modified forms, as well 
as the corresponding fragments may be integrated into chemical structures of the polypeptide type and the like. Ac- 
cordingly, in order to preserve the polypeptide in an in vivo environment it will be preferred to provide at the N- and C- 
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terminal ends compounds which convey a resistance to degradation to proteases. 

[0048] It will also be appreciated that the different polypeptides according to the present invention and produced by 
the above method may represent antigens to the immune system of a host animal, so that antibodies may be produced 
directed against said polypeptides. These antibodies may be used for the detection of a polypeptide of interest in a W 

5 mixture or genetically of a strain of Bifidobacterium in a sample. In addition they may be used as research tools by e. ; 
g. producing antibodies against cellular surface epitopes and determining the effect of blocking certains polypeptides ; . 
on the bacterial cell wall. Therefore, according to another aspect, the invention provides antibodies directed to epitopes : v 
on the various polypeptides provided by this invention. : • '; . 

[0049] According to another aspect the present invention also provides a method for the detection and/or identification . 1 / 

10 of Bifidobacterium longum in a biological sample. This method may comprise several techniques known in the art, such V, ; | ; 
as PCR or simply hybridisation with a suitable probe. Alternatively, an antibody raised against a cell wall epitope of ,!j \ 
Bifidobacterium longum may be used for sard purpose. It will be appreciated that the above method may also be y •.; 
reversed and the presence of antibodies against Bifidobacterium may be determined by contacting the sample to be • 
tested with a polypeptide of Bifidobacterium under conditions to allow formation of immune complexes. 

15 [0050] The polypeptides according to the invention, the antibodies according to the invention described below and 
the nucleotide sequences according to the invention may be used in in vitro and/or in vivo methods for the detection 
and/or the identification of bacteria belonging to the species Bifidobacterium in a biological sample (biological tissue 
or fluid) which is likely to contain them. These methods, depending on the specificity of the polypeptides, of the anti- 
bodies and of the nucleotide sequences according to the invention which will be used, may detect and/or identify the 

20 bacterial variants belonging to the species Bifidobacterium as well as associated microorganisms capable of being ( ( ' .' ; 
detected by the polypeptides, the antibodies and the nucleotide sequences according to the invention which will be$%/; 
chosen . It may, for example, be advantageous to choose a polypeptide, an antibody or a nucleotide sequence according : ; \ '• \Y 

v ' V to the invention, which is capable of detecting any bacterium of the Bifidobacterium family by choosing a polypeptide/';); , [ ;, 

/ : ' an antibody and/or a nucleotide sequence according to the invention which is specific to the family. ■ ■■\WV 

25 [0051] All the sequences referred to herein (SEQ ID. NO. 1 to SEQ ID: NO. 1099) are listed in the attached sequence : ! \y 
listings which is to be considered as part of the specification. 

[0052] The invention also comprises the nucleotide sequences or polypeptides according to the invention covalentty ' \ 
or noncovalently immobilized on a solid support. In the first case such a support may serve to capture, through specific 
hybridization, the target nucleic acid obtained from a biological sample to be tested. If necessary, the solid support is 

30 separated from the sample and the hybridization complex formed between the capture probe and the target nucleic 
acid is then detected by means of a second probe, called detection probe, labelled with an easily detectable element. 
[0053] Such support may take the form of so-called DNA array or DNA chips, a multitude of molecular probes pre- 
cisely organized or arrayed on a solid support, which will allow sequencing genes, studies of mutations contained 
therein and the expression of genes, and which are currently of interest given their very small size and their high 

35 capacity in terms of number of analyses. 

[0054] The function of these arrays/chips is based on molecular probes, mainly oligonucleotides which are attached 
to a carrier having a size of generally a few square centimetres or more as desired. For an analysis the carrier (DNA ; 
array/chip) is coated with probes that are arranged at a predetermined location of the carrier. A sample containing . » . 
fragments of a target nucleic acid to be analysed, for example DNA or RN A or cDNA, that has been labelled beforehand, . . 

40 is subsequently contacted with the DNA array/chip leading to the formation, through hybridization, of a duplex. After 
a washing step, analysis of the surface of the chip allows the effective hybridizations to be located by means of the : • : 
signals emitted by the labels tagging the target. A hybridization fingerprint results from this analysis which, by appro- j 7 
priate computer processing, allows to retrieve information such as the expression of genes, the presence of specific v 
fragments in the sample, the determination of sequences and the presence of mutations. 

45 [0055] The hybridization between the probes of the invention, deposited or synthesized in situ on the DNA chips, 
and the sample to be analysed, may, e.g. be determined by means of fluorescence, radioactivity or by electronic de- 
tection. 

[0056] The nucleotide sequences according to the invention may be used in DNA arrays/chips to carry out analyses 
of the expression of the Bifidobacterium genes. This analysis is based on DNA arrays/chips on which probes, chosen . \ 

so for their specificity to characterize a given gene, are present. The target sequences to be analysed are labelled before 

being hybridized onto the chip. After washing the labelled compounds are detected and quantified, with the hybridize- . : 1 
tions being carried out at least in duplicate. Comparative analyses of the signal intensities obtained with respect to the ' 
same probe for different samples and/or for different probes with the same sample, determine a differential transcription/ 
of RNA derived from the sample. 

55 [0057] The DNA arrays/chips according to the present invention may also contain n ucleotide probes specific for other 
microorganisms, which will enable a serial testing allowing rapid identification of the presence of a microorganism In . 
a sample. 

[0058] The principle of the DNA chip, as detailed above may also be used to produce protein chips on which the 
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support has been coated with a polypeptide or an antibody according to the invention, or arrays thereof, in place of 
... the DNA. These protein chips make it possible to analyse the biomolecular interactions (BIA) induced by the affinity 
, : ■ } capture of target analytes onto a support coated e.g. with proteins, by surface plasma resonance (SPR). The polypep- 
7.7 tides or antibodies according to the invention, capable of specifically binding antibodies or polypeptides derived from 
5 ; . i; the sample to be analysed, may thus be used in protein chips for the detection and/or the identification of proteins in 
'•samples. 

>;;. [0059] The present invention also relates to a computer readable medium having recorded thereon one or more 
; , V nucleotide and/or a polypeptide sequences according to the invention. This medium may also comprise additional 
^ information extracted from the present invention, such as e.g. analogies with already known sequences and/or infor- 
10 mation relating to the nucleotide and/or polypeptide sequences of other microorganisms so as to facilitate the com- 
parative analysis and the exploitation of the results obtained. Preferred media are e.g. magnetic, optical, electrical and 
1 : hybrid media such as, for example, floppy disks, CD-ROMs or recording cassettes. 

[0060] The invention also relates to kits or sets for the detection and/or the identification of bacteria belonging to the 
species Bifidobacterium longum or to associated microorganisms, which comprises, a polypeptide according to the 
15 invention, where appropriate, the reagents for constituting the medium appropriate for the immunological or specific 
\ reaction, the reagents allowing the detection of the antigen-antibody complexes produced by the immunological reac- 
tion between the polypeptide (s) of the invention and the antibodies which may be present in the biological sample, it 
being possible for these reagents also to carry a label, orto be capable of being recognized in turn by a labelled reagent, 
:\ more particularly in the case where the polypeptide according to the invention is not labelled, a reference biological 
y\zo)/i\ sample (negative control) free of antibodies recognized by a polypeptide according to the invention, a reference bio- 
\Y//t'. logical sample (positive control) containing a predetermined quantity of antibodies recognized by a polypeptide ac- 
; cording to the invention. 

■\ \\ . •/ [0061] The invention also relates to a kit or set for the detection and/or the identification of bacteria belonging to the 
. : V) ' species Bifidobacterium longum or to an associated microorganism, or for the detection and/or the identification of a 
25 j | ; microorganism, wherein the kit comprises a protein chip according to the invention. 

[0062] The present invention also pertains to a novel microorganism termed NCC270S, which has been deposited 
V • ; according to the Budapest Treaty with the Institute Pasteur on January 29 th , 2001 and received the deposit no. CNCM 
7; i 1-2618. This micro-organism belongs to the genus Bifidobacterium, species Bifidobacterium longum and is a probiotc 
micro-organism, i.e. it may pass the gastro intestinal tract in an essentially live and viable form and has the capability 
30 of preventing colonization of the intestine with pathogenic bacteria causing diarrhea and in addition may prevent or 
reduce the occurence of infection of intestinal cells by rotaviruses. 

[0063] The microorganism is gram positive, catalase negative and C0 2 production negative, it produces L(+) lactic 
acid and essentially prevents colonization of intestinal cells by bacteria bringing about diarrhea, such as pathogenic 
E. coli, e.g. enteropathogenic E.coli (EPEC), or salmonella, e.g. Salmonella typhimurium and prevents infection of 
35 intestinal cells by rotaviruses. 

[0064] The novel microorganism may be used for the preparation of a variety of carrier materials, such as e.g. milk, 
• : yogurt, curd, fermented milks, milk based fermented products, fermented cereal based products, milk based powders, 
7 infant formulae and may be included in the support in an amount of from about 10 5 cfu / g to about 10 11 cfu / g. For 
,7 tne purpose °f me present invention the abbreviation cfu shall designate a "colony forming unit" that is defined as 
40 ' number of bacterial ceils as revealed by microbiological counts on agar plates. 

i [0065] The present invention also provides a food or a pharmaceutical composition containing at least the Bifido- 
v bacterium NCC 2705 and/or containing a supernatant, in which the microorganisms have been grown or an active 
fraction/metabolite thereof, respectively. 
" i ■ . [0066] For preparing a food composition according to the present invention at least one of the Bifidobacteria of the 
45 t present invention is incorporated in a suitable support, in an amount of from about 10 5 cfu / g to about 10 12 cfu / g, 
7" preferably from about 10 6 cfu / g to about 10 10 cfu / g, more preferably from about 107 cfu / g to about 10 9 cfu / g. 
; . [0067] In case of a pharmaceutical preparation the product may be prepared in form of tablets, liquid bacterial sus- 
- pensions, dried oral supplements, wet oral supplements, dry tube feeding or a wet tube feeding with the amount of the 
0 ■ Bifidobacterium/Bifidobacteria to be incorporated therein being in the range of up to about 1 0 12 cfu / g, preferably from 
. so ) about 1 0 7 cfu / g to about 1 0 11 cfu / g, more preferably from about 1 0 7 cfu / g to about 1 0 10 cfu / g. 

: [0068] The activity of the novel microorganism in the individual's intestine is of course dose dependent. That is, the 
7 more the novel microorganism or an active component thereof is incorporated by means of ingesting the above food 
J material or the pharmaceutical composition the higher the protective and/or curing activity. Since the novel microor- 
Vj ganism is not detrimental to mankind and animals and has eventually been isolated from baby feces a high amount 
55 , thereof may be incorporated so that essentially a high proportion of the individual's intestine will be colonized by the 
j novel microorganisms. 

! [0069] Yet, according to another preferred embodiment the supernatant of a culture of the Bifidobacterium of the 
' present invention, or an active fraction thereof, may be used for preparing the carrier. The supernatant may be used 
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as such or may be dried under conditions that do not destroy the metabolic compounds secreted by the microrganisms 
into the liquid medium, such as e.g. freeze drying, and may be included in the carrier. In order to minimize the number 
of unknown compounds in the supernatant the Bifidobacteria will preferably be grown in a defined media, the compo- 
sition of which is known and does not negatively affect the host incorporating it. Further, the skilled person will, based 
5 on his general knowledge optionally deplete the supernatant from unwanted products, such as e.g. by means of chro- 
matography. 

[0070] The present inventors have investigated baby feces and isolated a variety of different bacterial strains there- 
from. These strains were subsequently examined for their capability to prevent prevent colonization and/or invasion 
of epithelial cells with bacteria that are known to cause diarrhea, such as E.coli, Sigella, Klebsiella, Yersinia, Pseu- 

10 domonas aeruginosa Listeria, Streptococcus, Staphilococcus, Clostridium difficile, H. pyori and also Candida albicans. 
[0071] Several bacterial genera comprising Bifidobacterium, Lactococcus and Streptococcus were screened for their 
diarrhea inhibitory properties. The tests for the inhibitory property were performed with pathogenic microorganisms, 
such as E.coli, Klebsiella, Yersinia, Pseudomonas aeruginosa, H. pyori, and Salmonella typhimurium as representa- 
tives for pathogenic micro-organisms causing diarrhea in affected individuals. 

15 [0072] The various bacteria were grown in a suitable medium, such as MRS, Hugo-Jago or M1 7 medium at temper- 
atures of from about 30 to 40°C corresponding to their optimal growth temperature. After reaching stationary growth 
the bacteria were collected by centrifugation and resuspended in physiological NaCi solution. Between the different 
tests the bacterial cells were stored frozen (-20°C). 

[0073] For assessing anti-bacterial properties the following approaches were chosen. 
20 [0074] According to one protocol the cultured Bifidobacterium of the present invention was examined for its capability 
to decrease the viability of the different pathogenic micro-organisms. To this end, a culture of pathogenic bacteria was 
contacted with a concentrated supernatant of a Bifidobacterium culture and the growth potential of the pathogenic 
bacteria was assessed. 

[0075] According to a second protocol the adhesion capability of the Bifidobacteria of the present invention to Tg^ 
25 ceils, a cell culture model for the intestine, was determined by culturing the Bifidobacterium with T^ cells and the rate 
of adhesion was assessed. 

[0076] According to another protocol the potential of the Bifidobacterium of the present invention to prevent infection 
of intestinal cells by Salmonella, using the cell line Caco-2 as a model for the intestine, was determined. In this respect, 
the supernatant of a cell culture of the Bifidobacteria of the present invention was added together with the pathogenic 
30 microorganism to the intestinal cells and the rate of adhesion, or invasion, respectively, was assessed. 

[0077] Thus, it could be shown that the cultured Bifidobacterium and the supernatant proofed to be extremely effective 
in preventing both adhesion to and invasion into the intestinal cells indicating that one or more metabolic compounds 
secreted by the microorganism is/are likely to be responsible for the anti-diarrhea activity. 

[0078] According to yet another protocol it was further assessed, whether NCC2705 would be capable to prevent 
35 invasion of epithelial cells by rotaviruses. Two different protocols were applied. According to one protocol the various 
bacterial strains were examined for their direct interaction with the rotavirus strain while in the second protocol the 
bacteria were screened for those strains that interact with cellular rotavirus receptors. 

[0079] The first protocol involved contacting the respective bacterial suspension each with a different rotavirus strain 
and incubating in suitable media. Subsequently, the virus-bacteria mixture was applied to a monolayer of cells of the 
40 human undifferentiated colon adenoma cells HT-29 (intestinal epithelial cell line) and incubation was continued. Virus 
replication was then assayed. 

[0080] The second protocol involved incubating the respective bacterial suspension first together with a monolayer 
of cells of the human undifferentiated colon adenoma cells HT-29 and adding the virus subsequently. After continued 
incubation virus replication was assayed. 
45 [0081] Rotavirus replication was assessed by histo-immunological staining of rotavirus proteins in infected cells. A 
rotavirus inhibitory effect was attributed to a given bacterium when the number of infected cells was reduced by 90% 
in the cell culture inoculated with rotavirus plus the indicated bacteria in comparison with cells inoculated only with 
rotavirus. 

[0082] The present invention will now be described by way of examples without limiting the same thereto. 
50 [0083] Media and solutions: 

MRS (Difco) 

Hugo-Jago (tryptone 30g / 1 (Difco), yeast extract 1 0 g / 1 (Difco), lactose 5 g / 1 
(Difco), KH 2 P0 4 6 g / 1 , beef extract 2 g / 1 (Difco), agar 2 g / 1 (Difco)) 
55 M1 7 (Difco) 

Eugon Tomato Agar (Canned tomato juice 400 ml, Eugon agar BBL 45.5 g, Maltose Difco 1 0 g t Hemin Sigma 5mg, 
Agar Difco 5 g, distilled water 600 ml) 
DMEM (Dulbecco's modified Eagle medium) 
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CFA (according to Ghosh et al. Journal of Clinical Microbiology, 1993 3M 2163-6) 
Muller Hinton agar (Oxoid) 

LB (Luria Bertami, Maniatis, A Laboratory Handbook, Cold Spring Harbor, 1 992) 
C 14 -acetate (53,4 Ci/mMol, Amersham International PLC) 
5 ' PBS (NaCI 8g/l, KCI 0.2 gfl, NagHPO* 1.15 g^, KH 2 P0 4 0.2 g/l)) 
Trypsin-EDTA solution (Seromed) 
FCS Fetal calf serum (Gibco) 

[0084] E. coli DAEC C 1 845 was obtained from Washington University, Seattle and E. coli JPN15 was obtained from 
10 the Center for Vaccine Development of the University of Maryland, USA). The Salmonella typhimurium strain SL1 344 
was obtained from the department of Microbiology, Stanford University, CA, USA. This strain acts as a pathogen on 
mice and is resistant to Streptomycin. It adheres to Caco-2 colon cells (Finlay and Falkow, 1990). Trie Klebsiella was 
obtained from stock clinical Isolates from the microbiological laboratory of the Faculte de Pharmacie Paris XI, Chatenay- 
Malabry, France. The Yersinia was obtained from INSERM Unit 41 1 , Hdpital Necker, Paris, France. The Pseudomonas 
is aeruginosa was obtained from stock clinical isolates from the microbiological laboratory of the Faculty de Pharmacie 
Paris XI, Chatenay-Malabry, France. 

[0085] The H. pylori was obtained from Institute of Microbiology, Lausanne University, Lausanne, Switzerland. 
[0086] Human rotavirus Wa (G1 serotype) and simian rotavirus SA-11 (G3 serotype) were obtained from P.A. Offit, 
Children's Hospital of Philadelphia, U.S.A. The DS-lxRRV reassortant virus was obtainedfrom A. Kapikian, NIH Bethes- 
20 ). da, U.S.A. The serotype 4 human rotavirus Hochi was obtained from P. Bachmann, University of Munich, Germany. ; 

Example 1 

Isolation of Bifidobacteria 

25 

[0087] Fresh feces were harvested from diapers of 1 6 healthy babies 1 5 to 27 days old. 1 g of fresh feces was placed 
under anaerobic conditions for transportation to the laboratory and microbiological analyses were run within 2 hours 
from sampling by serial dilutions in Ringer solution and plating on selective media. Eugon Tomato Agar (Canned tomato 
juice 400 ml, Eugon agar BBL 45.5 g, Maltose Difco 10 g, Hemin Sigma 5mg, Agar Difco 5 g, distilled water 600 ml) 
30 incubated anaerobically at 37°C for 48 hours was used to isolate bifidobacteria. Colonies were randomly picked up 
and purified. Physiological and genetic characterisation was performed on the isolates. 

Example 2 

35 Cultivating cell lines 

Caco-2 cells: 

[0088] For the inhibition assays the cell line Caco-2 was utilized as a model of mature enterocytes of the small 
40 intestine. This cell line presents characteristic of intestinal cells such as e.g. polarization, expression of intestinal en- 
... zymes, production of particular structural polypeptides etc.. The cells were grown on different supports, namely on 
plastic dishes (25 cm 2 , Coming) for growth and propagation, on defatted and sterilized 6 well glass plates (22 x 22 
mm, Coming) for the adhesion and the inhibition tests. After the second day in culture the medium (DM EM) was changed 
on a daily basis. Before use the medium was supplemented with 100 U/ml penicilline/streptomycine, 1 u.g/ml ampho- 
45 terine, 20 % FCS inactivated at 56 °C for 30 min and 1 % of a solution containing non-essential amino acids (10 mM) 
(Eurobio, Paris, France). Cutturing was performed at 37 °C in an atmosphere comprising 90% air and 1 0% C0 2 . The 
cells were splitted every six days. The cells were detached from the walls of the well by treatment in PBS with 0.01 5 
% trypsine and 3 mM EDTA at pH 7.2. For neutralizing the effect of trypsine an equal volume of the culture medium 
containing FCS was added to the cell suspension obtained, the mixture was centrifuged (1 0 min at 1 000 rpm) and the 
so pellet was again dissolved in culture medium. Living cells (not dyed with trypane blue) were counted. About 3.5 x 1 0 5 
; ; :'• living cells were transferred to a new culture bottle and about 1 .4 x 1 0 5 cells per well and cultivated until a confluent 
monolayer was obtained. 

T ^ cells: 

[0089] For the adhesion assays the cell line Tg4 was utilized as a model of colon cells from the intestine. This cell 
line presents characteristics of intestinal cells such as e.g. polarisation, expression of intestinal enzymes, production 
of particular structural polypeptides etc.. T^ cells were obtained from University of California, San Diego, CA. Celts 
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were grown in DMEM (50%) and Ham's F12 (50%) supplemented with 2 mM glutamine, 50 mM HEPES, 1% non- 
essential amino acids and 1 0% inactivated (30 min, 56°C) fetal calf serum (Boehringer, Mannheim, Germany) at 37°C 
in a 10% CO^90% air atmosphere. Cells were seeded at a concentration of 10 6 ceils per cm 2 . Cells were used for 

■.' adherence assays at late post-confluence, i.e., after 10 days. 
s ■ . [0090] All strains except Bifidobacteria were kept at -80°C in their culture medium containing 15% glycerol. As the 
number of transfers into new media has an influence on the adhesion factors, the Salmonella strain was only transferred 

, twice within a period of 24 hours, the first transfer taking place when the strain was frozen. All cultures were raised 
aerobically. 

10 \ Bifidobacteria 

[0091] The bacterial strain (Bifidobacterium longum CNCM 1-2618 (NCC2705) was stored at -20 °C in MRS medium 
containing 1 5 % glycerol. The strain was grown under anaerobic conditions in MRS and transferred twice to new media 
at intervals of 24 hours before use in the inhibition assays. For the assay a concentration of 2 x 1 0 9 cfu/ml was utilized. 
is , The supernatant was collected by centrifugatton for 1 hour at 20.000 rpm and the supernatant < obtained was subse- 
quently checked for the presence of bacteria. The strains of Bifidobacterium were cultivated anaerobically in MRS 
during 1 8 hours at 37° C. The cultures were then centrifuged (20 min. at 4°C), the supernatant was collected, tyophilized, 
returned to the solution and then concentrated ten times (10x). The pH of the supernatant was finally adjusted to 4.5. 

20 E.coliC1845: 

' [0092] The first passage after thawing was effected on a CFA - MOller H inton agar, which is suitable to effect expres- 
.'• i i sion of adhesion factors by the bacterium. Before each experiment the bacterial cells were incubated at 37 °C with a 
, •/■ < transfer to a new medium being effected twice after 24 hours each. 

25 v :' 
. Klebsiella: 

[0093] Bacteria were grown overnight for 1 8 hrs at 37°C in Luria broth. 
30 Yersinia: 

[0094] Bacteria were grown overnight for 1 8 hrs at 37°C in Luria broth . 
Pseudomonas aeruginosa: 

35 

[0095] Bacteria were grown overnight for 1 8 hrs at 37°C in Luria broth. 
H. pylori: 

40 [0096] Bacteria were grown on Brain-Heart Infusion (BHI)-agar plates containing 0.25% yeast extract (Difco Labo- 
, ratories, Detroit, Ml), 1 0% horse serum and 0.4% Campylobacter selective complement (Skirrow supplement, SR 69 ; 
Oxoid Ltd, Basingstoke, England). 

Example 4 

45 

[0097] The Caco-2 and T^ monolayers, prepared on glass coverslips which were placed in six-well Coming tissue 
culture plates (Coming Glass Works, Corning, NY), were washed twice with phosphate-buffered saline (PBS). Bifido- 
bacteria (1 ml, 4x10 s bacteria/ml in spent culture supernatant, treated-supematant or fresh MRS broth) were added 
to 1 ml of the cell line culture medium. This suspension (2 ml) was added to each well of the tissue culture plate and 

so the plate incubated at 37 °C in 10% CXV 90% air - After 1 nour of incubation, the monolayers were washed five times 
: with sterile PBS, fixed with methanol, stained with Gram stain, and examined microscopically. Each adherence assay 
was conducted in duplicate over three successive passages of intestinal cells. For each monolayer on a glass coversiip, 
the number of adherent bacteria was evaluated in 20 random microscopic areas. Adhesion was evaluated by two 
different technicians to eliminate bias. 

55 [0098] The results are shown in Fig. 1 from which it becomes obvious that NCC2705 is capable to adhere to intestinal 
cells as compared to to the known cell line GG (WO 97/00078), Lai (EP 0 577 903) or another Bifido strain (BL28/Cal). 
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Example 5 

[0099] As candidates for pathogenic bacteria E.coli, Klebsiella, Yersinia, Pseudomonas aeruginosa and H. pyori 
were used. 

s [0100] Based on a culture of NCC2705 kept in MRS medium for 18 hours, an exponentially growing culture was 
produced (3 hours at 37°C). 2 ml of this solution were removed and centrifuged for 5 min. at 5500 g, +4 °C. After 
collection of the supernatant the cell pellet was washed in sterile PBS. After centrifuging, the pellet was collected and 
2 ml of sterile PBS were added. The bacteria were counted and the suspension was adapted in such a way that between 
1 and 5 x 1 0 6 bacteria / mi were produced. 

io [01 01 ] The assessment of the antimicrobial effect exerted by the Bifidobacteria of the present invention was carried 
out according to the Lehrer method described in Lehrer et al., J. Imunol. Methods 1 37 (1 991 ), 1 67-1 73, which document 
is incorporated here by way of reference. The results thereof are shown in Fig. 2 and 3. 

[0102] From the above results it may be seen that the Bifidobacterium of the present invention may effectively inhibit 
growth of the various pathogenic bacteria. 

15 

Example 6 

Inhibition assay for salmonella 

20 [01 03] Salmonella are bacteria that invade epithelial cells and multiply therein. For determining the inhibitory activity / 
of the Bifidobacteria of the present invention towards Salmonella typhimurium the strain SL1344 and following proce- ; 
dure was used. / 
[0104] The pathogenic cells were cultivated in LB-medium. After the second passage to new medium the bacterial 
strains were marked with radioisotopes using C 14 -acetate at 1 0 u.Ci/ml in LB-medium. Incubation of the strains in this 

25 medium was performed for 1 8 hours at 37 °C. 

[01 05] The bacterial suspension was subsequently subjected to centrifugation (1 041 rpm, 1 5 min) so as to eliminate 
the remaining C 14 -acetate from the supernatant. The pellet was suspended and washed in PBS and the ceils were 
suspended at a concentration of about 1 0 8 cells / ml in 1 % sterile mannose. Mannose is known to inhibit non specific 
adhesion. The bacterial solution was then adjusted to 2 x 1 0 s cells/ml. 

30 [0106] The pathogen (1 ml; 2 x 10 8 cells) and an aliquot of a supernatant (1 ml) of a Bifidobacterium culture are pre- 
incubated for 2 hours at 37°C. The suspension is subsequently centrifuged, the resulting supernatant is removed and 
the pellet is again suspended in 0.5 ml PBS. This pathogen solution (0,5 ml) is then brought in contact with human 
intestine cells in culture. The culture was washed with sterile PBS twice and 0,5 ml adhesion medium (DMEM) was 
added. The cells are then incubated for 1 hour at 37°C under 1 0% C0 2 . 

35 [0107] After incubation the number of bacteria in the incubation medium and on/in the intestinal cells are counted. 
In order to determine the amount of cells adhering on or having invaded into the intestinal cells the following approaches 
have been chosen. 

[01 08] For determining the number of adhering bacteria the medium was decanted and the cells were washed once 
with culture medium and once with sterile PBS. Subsequently, 1 ml of sterile H 2 0 was added per compartment, to tyse 
40 the cells and to form a ceil solution which was incubated for 1 -2 hours at 37° C, after which successive dilutions were 
carried out. In order to count the number of adhering and invasive bacteria, the cell solution was centrifuged to remove 
cell debris and the radioactivity was measured. 

[0109] According to another protocol 10 aliquots were each put on TSA medium. The media were then incubated 
for 1 8-24 hours at 37°C. 

45 [01 10] For determining the amount of invaded bacteria the Caco-2 cells were washed with PBS so as to eliminate 
all non-adhering cells. Subsequently, a medium containing gentamycin (20 u.g/ml) was added and incubation was 
continued for 1 hour at 37 °C. Gentamycin is an antibiotic not penetrating intestinal cells so that all extracellular mi- 
croorganisms were killed, while bacteria having already invaded intestinal cells will survive. The cells were then incu- 
bated for another hour at 37°C and were then washed twice with PBS. The cells were lysed by addition of and incubation 

so in sterile distilled water for for 1 -2 hours at 37°C. After removing the cell debris radioactivity was determined. According 
to another protocol successive dilutions were carried out, which were put on TSA medium. Incubation: 18-24 hours at 
37°C. 

[011 1] It may be seen that cultured cells and the culture supernatant were extremely effective in preventing adhesion 
of and invasion into intestinal cells by Salmonella. 

55 
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Example 7 

Infection of mice by the strain S. typhlmurlum C5 

[0112] Adult, 7-8 weeks old, axenic, female mice (C3H/He/oujco conventional, Iffa Credo, France), raised under 
sterile conditions, were orally infected with a fixed concentration of S. typhimurium (0,2 ml, 1 0 8 cfu/rnouse). Some mice 
were rendered monoxenic by the Implantation of a range of Bifidobacteria strains. With some mice, the Bifidobacteria 
in segments of the intestine were counted after its removal and mincing of the organs in PBS. With other mice, the 
protection against infection was assessed in such a way that they were continuously kept in a sterile environment and 
the days of survival were compared to the control group. '. ■'. ; ■ ' * 7 

[0113] The results are shown in Fig. 4. As may be derived therefrom in the control group nearly all mice died after • 
a time period of about 10 days. In contrast thereto, ail mice treated with NCC2705 were alive after 10 days with only ; 
20% dying from the detrimental effect exerted by Salmonella after a period of 30 days. ; 

Example 8 

1 st protocol: 

[0114] 30 uJ of the respective bacterial suspension (containing on average 3x10 s bacteria) were mixed with 70 u.l . 
M199 medium supplemented with 10% tryptose phosphate broth (Row) and 5% trypsin-EDTA solution (Seromed) tpV/ 
which were added 1 00 uJ of virus in supplemented M1 99 medium. The virus-bacteria mixture thus obtained was incu^i. 
bated for 1 hour at 4°C and for 1 hour at 37°C. Separately, cells of the human undifferentiated colon adenoma cells \) 
HT-29 growing as a confluent monolayer in 96-well microtiter plates (in M 1 99 medium supplemented with 1 0% tryptose; ; j 
phosphate broth (Row) and 5% trypsin-EDTA solution (Seromed) 1 : 4 diluted with PBS) were washed three times with ; i 
phosphate-buffered saline (PBS ; pH 7.2). The virus-bacteria mixture processed as indicated above was transferred 
to the cells and the microtiter plates were incubated for 1 8 h in a C0 2 incubator (Heraeus). Virus replication was assayed 
as described below. 

2 nd protocol: 

[01 1 5] 30 u.l of the bacterial suspension (supra) were mixed with 70 uJ M1 99 medium supplemented with 1 0% tryptose 
phosphate broth (Row) and 5% trypsin-EDTA solution (Seromed ) and applied directly on HT-29 cells grown and pre- 
treated as described in the 1 s * protocol in the microtiter plates. After one hour incubation at 37°C 100 uJ of virus in 
supplemented M199 medium were added to the cells in the microtiter plates. The incubation was continued for 18 h 
in a C0 2 incubator (Heraeus). Virus replication was assayed as described below. 

[0116] The rotavirus replication was assessed by histo-immunological staining of rotavirus proteins in infected cells 
as described hereafter. 

[0117] One day after infection, the cell culture medium was removed from the microtiter plates and the cells were 
fixed with absolute ethanol for 1 0 min. Ethanol was discarded, and the plates were washed three times in PBS buffer. 
Then 50 u.l of an anti-rotavirus serum (mainly directed against VP6 protein), produced in rabbits (obtained from the 
ISREC University of Lausanne) and diluted 1 :2000 in PBS was added to each well and incubated for 1 h at 37°C with 
a cover slip to prevent desiccation of the wells. The anti-serum was discarded afterwards and the plates were washed 
three times with PBS. Then 50 u.l of anti-rabbit immunoglobulin G (IgG) antiserum produced in goats and coupled to 
peroxidase (GAR-lgG-PO; Nordic) were added at a dilution of 1 : 500 in PBS to each well and the plates were incubated 
for 1 hour at 37 °C. The serum was discarded and the plates were again washed three times with PBS. Then 1 00 u.1 
of the following substrate mixture was added to each well: 10 ml of 0.05 M Tris-hydrochloride (pH 7.8), 1 ml of H 2 0 2 
(30% suprapur, diluted 1 :600 in H 2 0 ; Merck) and 200 uJ of 3-amino-9-ethylcarbazoie (0.1 g/10 ml of ethanol stored 
in 200 uJ aliquots at -80 °C ; A-5754 ; Sigma). The plates were incubated for at least 30 min at room temperature. The 
substrate was discarded and the wells were filled with 200 uJ of H2O to stop the reaction. Infected cell foci were counted 
with an inverted microscope (Diavert; Leitz). . ; . : y 

[0118] Only very few bacterial strains interacted with rotaviruses. Merely 4 out of the 260 bacterial cells primarily 
selected inhibited rotavirus replication in at least one protocol. Bifidobacterium adolescentis CNCM 1-261 8 (NCC2705) 
showed an extremely high activity against Serotype 1 Rotavirus, Serotype 3 rotavirus SA-11 and Serotype 4 rotavirus 
Hochi. . 

[0119] NCC2705 is gram positive and catalase negative, it does not produce C0 2 during fermentation and produces 
just L (+) lactic acid according to methods disclosed in the "Genera of lactic acid bacteria", Ed. BJ.B. Wood and W.H. 
Holzapfel, BlacWe A&P. 

[01 20] These results show the extreme superior properties of the Bifidobacterium of the present invention. 
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Claims 

1 . A polynucleotide having a nucleotide sequence of the Bifidobacterium genome, comprising 

(a) the nucleotide sequence of SEQ. ID. No. 1 ; 

(b) a nucleotide sequence exhibiting at least 90% identity with the sequence of SEQ. ID. No. 1; or 

(c) a nucleotide sequence that hybridizes to SEQ ID. No. 1 under stringent conditions. 

2. A polynucleotide having a nucleotide sequence selected from the group: 

(a) a nucleotide sequence as identifed by SEQ ID. NO. 1 099; or 

(b) a nucleotide sequence exhibiting at least 95 % identity with SEQ. ID. NO. 1 099; or 

(c) a polynucleotide which hybridizes to SEQ. ID. NO. 1 099 under conditions of high stringency. 

3. A polynucleotide having a nucleotide sequence of an open reading frame (ORF) of a Bifidobacterium longurh 
genome, comprising: 

(a) a nucleotide sequence chosen from any one of Seq ID. No. 2 to SEQ. ID. NO. 1098; or 
. (b) a nucleotide sequence exhibiting at least 95 % identity with any one of SEQ ID. NO. 2 to SEQ. ID. NO. 

• ^V.;;;i09B;or , .-7 ; /-v' X* 

v. ; : X (c) a polynucleotide which hybridizes to any one of SEQ. ID. NO. 2 to SEQ. ID. NO. 1 098 under conditions of 
v high stringency. ; V 

4. The polynucleotide of any of the claims 1 or 2, which encodes the following polypeptides or fragments thereof: 



(a) SEQ. ID. No.5 (ORF13) 



MPTGRVRWFDAAKGYGFITSEEGKDVFLPAQALPTGVTTLRKGAKVEYSV 
VDGRRGPQAMDVRL I AS APSLVKATRPKADDMAAI CEDL I KMLDAAGNTL 
RRHRYPSAADSKKIiATLLRAVADQFDVQD 
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(b) SEQ. ID. No.525 (ORF1827) 

MTTAAAQAPAPGKLEFKDDYTPDEAERVIRNSKGLPVGVRPKMVWTWKKA 
LLWAAIAIVCACGWAILAVSRGEQISAIWFLWALSSYAIAYRFYAYYIQ 
I KIMRTDDANATPAERVHDGANFERTDRRVLFGQHFAGI SGAGPLVGPI L 
AAQMGYLPSTLWI ILGVI FAGAVQDMLVLWI SAKRRGRSLGQMATDEMGK 
FGGMILS I FLWMTAIAMAFLALVAIKAMAASPWAVFS IGMTI PIALIMG 
C YQRFLRPGRVI ETTLLGFVLLVIJI) I VAGGW I AS I PAVAAVFTLDAKQLV 
IALVI YSFAAAALPHWLLVTPRDYLSTLMKIGTLVLLVIGI I IANPSVKV 
PGLTELASTSTGPTFSGNLFPFLFITIACGALSGFHGAVSSGLTPKAVEK 
ENQIRMIGYGSMLVESFTAVIALIAAITISQGVYFSTNMSAAQITAASGV 
SISATSTPGEQADAAVKAVES^QCVSDIEGNQMQVTWDSVDENGAAKTYEG 
AAALEQAAAD I GET S I VSRTGGATTFAMGMANFLKS YLGGHDSMAFWYHF 
AI MFEALF I LTTVDNGTRVARYQ I GEMLGNVRKLKKFADPTWKPGN I ITT 
L I ATALWGGLLWMGVSDANGGINAMVP I FG I SNQLLAAAC FVL I TVC VAK 
MGYWKHLWI PWPLVWDI AVTFTADFQKI FGPLS YFTTASKYQAQIDSGE 
LTGEALTNAKAALSNAYLDGVLSVFFLV^ 

GAETTSEEPFVESQWFAPSSLVATALEKKVQREYSAKLHELVRNGQVAA 
c) SEQ. ID. No.424 (ORF1473) 

MTQSRRMLVLRAWEDY I RSQEPVGSTSLTRDHDLGVS SAT IRNDMAALE 
DEGYLIQPHTSAGRVPTEKGYRYFVDRLATWPLSEAQRRGINSFLSGSV 
SLKDALQRS ARLLS E I TGQVAWAS PSIJUCATLRHVEMVPVAMTTLLAVV 
I TDTGRVAQHGLTI ASMPAVDE INRLSNTVNEQCDGLSLS KSAETVRS I A 
ASAGYESWGVADTLADAFESMALDERANELYM^ 

LFDALEEQVVLMKLMSNLSEETNASGVGVAIGSEMHTPGLLHASVVSSGY 
GRSGAAGE PAGNDPVGEPETE SETESQTNDTEP I AFVGS I GPTHMDYAAT 
MAAVRAVARYLTAFLSEGRTQD 

d) SEQ. ID. No.548 (ORF1905) 

^FKDGNDNAQRGGSTVRRSRQRRIMGRVVSYNEDVPRCTFCGKTEHQVR 
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KLVAGPNAS I CDECI ALCVDI I SEERVKDAEVNSLSLPKPAQI FDYLNRY 
VIGQENAKRALSVAVYNHYKRVNMELQESAEQLDGNNGHSGQTSKQ 
VPTQTRATRRSNDPLADVEVAKSN I LLLGPTGVGKTYLAQALARVMNVPF 
VITDATTLTEAGYVGDDVETVLQRLLQAADGDVSRAQHGI I YIDEIDKIA 
RKSGENTS I TRDVSGEGVQQALLKI LEGT I AS VPLEGTRKHKEQDVAQMD 
TRGI LF I CGGAFVGLTDI VRKRLGRRETGFGANWHDADMKDEELLEQVNA 
DDLAEFGLLPEFIGRLPVTSVLKELTVDDLTAILTQPANALIKQYRKLFA 
VDGVDLQFTEQAI RAI AD I AI KQGTGARGLRS I IERTLQDTMFQLPSLDD 
WQVIVDKASVEGSSTPKLLREAVDVPQGRLKVAQSVLI^RWTHEA 

e) SEQ. ID. No.74 (ORF219) N 

* ' \ '■ .' ! • . • ' 

MS EQLMEQ YRLRGQRKCRNAC I AAI VTVVLVLAVAGGVWWTAGDGS AL VR 
NMFKPKATPATQPVVNSTATFAYRTAPEFLAMEAGDRGTGNVNYSPASMW 
MALAI AAQGANGTTRSQLNELLGSGSLTDSD YQSLLS S INGQYSGAKSEM 
SAANSLWIDDDYSLASDYQSTVKKMFEAEVTTLPFT)DQAAAKMSDWIAiai 
TNGSLKPKITLRDREVLSIINTVYADGRWKDPFEEQSTGNGTFH 
QVPMMHQTFSQMAYGHDEYNTWQRVEIPFDNGGNLAIVLPAEGHFDELAG 
DAEKLSWAFGTCSTASLGEGAMGCAADSMPGWGVSVNSVMVNVTLPRFTI 
DSMFDSEATI KAFEKLGVTDAFS AGDADFTKM I DTG SHGENLY I G S I LQG 
TRIEVNEAGAKAMSFTKVGADSVSAPVDNVEFTVDRPFLYSYVTPDGI PL 
F I GAVRNLGG VGGEN 
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f) SEQ. ID. No.576 (ORF1972) 

MQ IRPGSMYPLGASYDGAGVNFALYSQVAQKVELCLFDEHDVETRI EMTE 
RNS YVWHNYI PGLHPGQRYGYRVYGPYDPVHGLRCNPNKLLLDPYAKAI E 
GNIDGDESLFSYWFKSPDDNSAMNDLDSAAHTMKSAVINPYFDWOJDQHP 
YISYHDSVIYEAHVRGMTNLNMDVPPDIRGTYAGLAYPSVIEYLKKLGIT 
AIELMPIHQFVNDSFLQEKGLSNYWGYNTIGPFAPHNAYSSSGERGEQVN 
EFKSMVKAYHRAGMEVILDWYNHTAEGNHMGPTLSFKGIDNASYYRLVE - 
GDQQHYFDTTGTGNSLLMRS PHALQL I TDS LRYWVTEMHVDGFRFDLAAT 
LARQFQEVDKLSAFFDIVEQDPIISRVKLIAEPWDLGSGGYQVGGFPSSW 

SEWNGRYRDTVRDFWRSQPSTLPEFASRLMGSSDLYQVNGRRPVASVNFI 
TAHDGFTMNDLVSYNEKHNEANGEGNRDGESNNRSWNCGVEGPTNI PDVN 
DLRQRQMRNMFATLLFSQGI PMI CGGDEVARTQQGNNNAYCQDNEI SWTN 
WHLDKGRKELLAFVSKLIHLRIiDHPVLHRRRFFTGREPGDDSNTI PQVEW 
FDHTGS IMDMDDWQNTHAFSMMI YLNGSDI PEVDWYGNRMVDNDF I LI FN 
AHYEPIMFTLPDERYGRKWQLWDTHNPNEPALSYEAGFMITAQSRSFLM 
LMSAKKPKKPMGL 

g) SEQ. ID. No.403 (ORF1403) 

MEIRARPHMASGSYRELFSARMMYGMQYIQQTIVGIDGSEARFFGYVADN 
SEEMEPDRIRPAILILPGGGYAMTSDREAEPVALQFLAKGFAVFVLRYSV 
QPSRYPVALLEAAEAMRL I RANVDQWHVNPAQVAVLGFSAGGHLAANLAT 
SVGDEDIREQGGMDPDAVRPNALMLSYPVITAGKYAHRGSFQCLLGDQAH 
NQALLDKFSIEKHIDAKTPPVFVWHTMTDDAVPVENTLMLIQACRAAGVS 
IEAHLFPEGSHGLSLANAETAGNGFYAHIVECVQCWPDLAEAWLRRLF 
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(h) SEQ. ID. No.804 (ORF2676) 

MFLKPEQQLERCRRIVRQRVDPHIHPSIAQLTVESYDIPGEPMPSDEFFA 

KLDRGDIDFKPFMLGSEWGTTWGTVWFRLTGTVPAGYPKGKPLELILDLG 

WYPHS CGGH I EGLVYRADGTAI KAVHPLNYWVPFMDAEGNAQVPVAEDGS 

FTLYLEAASNPLLLGVPPFIETELGDHATGKPDEPYVFKSADLAEFDERY 

ENYS VDLD WS SLMEFADKQS PRYWQLAKALQRSLNAYDERNPE S VEAAR 

AVliAGVLAKPANAS AMNVS AI GHAH I DS AWLWP VRETRRKVARTVSNALA 

LMDADPDFKYAMSSAQQYAWLEEDHPDIFKRMiaiRIEEGRFIPVGGMWVE 

ADGMLPAGE SLI RQ I AYGRKYFKEHLGVE PKGVWLPDS FGYTGAWPQ I AR 

RAGYEWFLTQKISWNDTTKFPHHSFMWEGIDGSRIFTHFPPADTYAAWCK 

VQELDYAEKNFQDKDLSDRSLLLFGFGDGGGGPTRNMMEKLHRYENLEGV 

SKVSIEEPNDFFDKAHQQIAENAGPEMPWKGELYLELHRGTLTSQQD^ 

RGCRQEESLLRTVEYLGAAAVLSDPEYVYPREELDRIWOT 

PGSAI AWVHREAREDYRRDLKRLAE I AQDMCAVLRKANPQADLLAEARI S 

QFRNDGASWHANRINEPTDALSVLTQTLDNGRVLLANGVLSVTIEADGTI 

SSLLDEEHGRELVPAGTRLGQYELLRDEPAVWDAWEIERESLLMANAVTG 
S I ES VNTENGAAQVHVHTADGDTVI TTT I TLRPGSHTLDFHAD I DWHERE 
RFLKVDLPLGIVADQATYDCQYGLIRRPIVKNTASDEAKYESSTNRFAI I 
GDAGYT^AAVINGSVYGSDASPIAGNAAEGRDSGTMFRLSLLSAPTFPDPR 
TDIGSHEFDWS WADATVDRALDAAGVLNAPVLHDVPDI TPLAS I ESVNG 
TVVLDWMKLADDGSGDLIVRAYEAAGGQADAMLHVCPALA 
EGDDLAADLPVALQDGRQNAEGATLHFGPFQLATLRITR 
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(i)SEQ.BD.No.313(ORF1077) : 

MISRDGWAVIDDSAANI I IETDTVNGKANPFGTWVSPRATAETDLYFFGY .• ' ' 
GHRYIEAVRDFYRLTGPTPLLPRFAMGNWWSRYYRCT^ 
EGIPFTTSVIDMDWHRVDDVDPKYGSOT^ 
.RGLRTTLNVHPRDGVRAFEDAYPEVAKRVGIDPATO 
AYFDMHHRMEAEGVDFWWLDW(X2GG 

NWPLTFSRYAGPGSHRYPVGFSGDTIVTWESLAFQPQFTATASNIGYGWW ■ -, ; 

SHDIGGHMFGYRireELEARWYQIiGAFSPINRLHSS^ * " 

VSAAMVDALRLRHAMMPYLYTMNYRAAEAGRPLVEP^TYWQNPbTPDAYEV 

PDEFRFGTELWAPIVSPDDAAACRGRADAWLPQGEWFDFFT)GRRYVSSD ' .\\ 

AAGRRLEVWRSLDRTPVFAKAGAIVPLODVAESG vV^^ 

F PGADGS FVMREDRGTWGAPS ADTAI^TWGGADAS P S AFTVAiP VTGDTS }0#C 

AVPELRDWTWFRGVAPVDAASGVRAWSGEAPVEATVAYDEA 

TGI S S AAS LR I E I PGGLRI ADNPVESDAMDLLLHAQMLYRTKELALQAVH 

KLGI GAI GALRTMNRGPRYANDFW I TDMPDAVAGALEE I LLRS 

5. A polynucleotide encoding a fusion protein, comprising any one of SEQ. ID. NO. 2 to SEQ. ID. NO. 1 098 ligated 
in frame to a polynucleotide encoding a heterologous polypeptide. 

6. A recombinant vector that contains the polynucleotide of any of the preceding claims. 

7. A recombinant vector according to claim 6, that contains a polynucleotide of Claim 4. 

8. A recombinant vector according to any of the claims 6 or 7, wherein the polynucleotide is operatively associated 
with a regulatory sequence that controls gene expression. . , [ 

9. A host that contains a polynucleotide according to any of the Claim 1 to 5 or a recombinant vector accordjng to 
any of the claims 6 to 8. • '\- 

10. A host according to claim 9, that contains a polynucleotide of Claim 4 or the vector according to claim 7. 

1 1 . A host according to any of the claims 9 or 1 0, which is a procaryotic cell, an eucaryotic or a plant or a a non-human 
animal. -'/^/'.v ' '■'■'> ' \' : 

12. A method for producing a polypeptide of Bifidobactenjim longum, comprising: 

. (a) culturing a host cell according to claim 9 or claim 1 0 under conditions suitable to produce the polypeptide 
. encoded by the polynucleotide; and -'\ ■■/ * : 

(b) recovering the polypeptide from the culture. 

13. A method for producing a fusion protein, comprising: 

(a) culturing a host cell according to Claim 9 or daim 1 0 under conditions suitable to produce the fusion protein 
encoded by the polynucleotide; and 
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(b) recovering the fusion protein from the culture. 

14. A polypeptide encoded by a polynucleotide according to any of the claims 3 to 5. 

15. A fusion protein encoded by a polynucleotide of Claim 5. 

16. An antibody that immunospeccftcally binds to a polypeptide of any of the claims 14 or 15. 

17. An antibody that immunospecrfically binds to the fusion protein of claim 5. 

18. A method for the detection and/or identification of Bifidobacterium longum in a biological sample, comprising: 

(a) contacting the sample with a polynucleotide primer derived fom a sequence according to any of the claims 
1 to 4 in the presence of a polymerase enzyme and nucleotides under conditions which permit primer extension; 
and 

' (b) detecting the presence of primer extension products in the sample in which the detection of primer extension 
products indicates the presence of Bifidobacteruim longum in the sample. 

19! A method for the detection and/or identification of Bifidobacterium in a biological sample, comprising: 

;>> ' (a) contacting the sample with a probe derived from a polynucleotide according to any of the claims 1 to 8 
V under conditions which permit hybridization of complementary base pairs; and 

(b) detecting the presence of hybridization complexes in the sample in which the detection of hybridization 
, complexes indicates the presence of Bifodobacterium longum in the sample. 

20. A method for the detection and/or identification of Bifodobacterium in a biological sample, comprising: 

(a) contacting the sample with an antibody according to Claim 1 6 or 17 under conditions suitable for the for- 
mation of immune complexes; and 

(b) detecting the presence of immune complexes in the sample, in which the detection of immune complexes 
indicates the presence of Bifodobacterium longum in the sample. 

21. A method for the detection and/or identification of antibodies to Bifodobacterium longum in a biological sample, 
comprising: 

(a) contacting the sample with a polypeptide according to any of the claims 1 4 or 1 5 under conditions suitable 
for the formation of immune complexes; and 

(b) detecting the presence of immune complexes in the sample, in which the detection of immune complexes 
. indicates the presence of Bifodobacterium longum in the sample. 

22. A DNA array/chip containing an array of polynucleotides comprising at least a polynucleotide according to any of 
the claims 1 to 4 or a vector according to any of the claims 6 to B. 

23. A protein array/chip containing an array of polypeptides comprising at least one of the polypeptides according to 
any of the claims 1 4 or 1 5. 

24. An immunogenic composition comprising a polypeptide ccording to any of the claims 14 or 15 and a pharmaceu- 
ttcally acceptable carrier. 

. 25. An Immunogeneic composition comprising a polypeptide according to any of the claims 14 or 15 and a pharma- 
ceutfcally acceptable carrier. 

26. A screening assay, comprising: 

■[] (a)contactingatestcompoundwithapolynucleotideaccordingtoanyoftheclainris1 to 4 or a vector according 
• . to any of the claims 6 to 8; and 
j (b) detecting whether binding occurs. 
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27. A screening assay, comprising: 

(a) contacting a test compound with a polypeptide according to any of the claims 14 or 15; and 

(b) detecting whether binding occurs. 

5 

28. A kit comprising a container containing a polynucleotide according to any of the claims 1 to 4. 

29. The kit according to claim 28, wherein the polynucleotide is a primer or a probe and wherein the kit optionally 
contains a polymerase and deoxynucleotide triphosphates. 

10 

30. A kit comprising a container containing an antibody that immunospecifically binds to a polypeptide according to 
any of the claims 1 4 and 15. 

31. A computer readable medium having recorded thereon a nucleic acid sequence according to any of the claims 1 
15 to 8. 

32. A computer readable medium having recorded thereon a polypeptide sequence according to any of the claims 1 4 
or 15. 

20 33. The computer readable medium according to any of the claims 31 or 33, wherein said medium is selected from 
the group consisting of: 

(a) a floppy disc; 

(b) a hard disc; 

25 (c) random access memory (RAM); 

(d) read only memory (ROM); and 

(e) CD-ROM. 

34. A computer-based system for identifying fragments of the Bifidobacterium longum genome comprising the following 
30 elements: 

(a) a data storage means comprising a nucleic acid sequence according to any of the claims 1 to 4; 

(b) search means for comparing a target sequence to the nucleotide sequence of the data storage means of 
step (a) to identify homologous sequence (s); and 

35 (c) retrieval means for obtaining said homologous sequence (s) of step (b). 

35. Lactic acid bacterium, which is Bifidobacterium NCC2705 (CNCM 1-2618). 

36. Use of the Bifidobacterium according to claim 35, or a culture supernatant thereof, or a metabolite thereof for the 
40 preparation of a earner. 

37. The use according to claim 36, wherein the Bifidobacterium is contained in the carrier in an amount of from about 
1 0 5 cfu / g to about 1 0 12 cfu / g carrier material. 

45 38. The use according to any of the claims 36 and 37, wherein the carrier is for the prevention and/or treatment of 
diearrohea brought about by pathogenic bacteria and/or rotaviruses. 

39. The use according to any of the claims 36 to 38, wherein the earner is a food composition selected from milk, 
yogurt, curd, cheese, fermented milks, milk based fermented products, ice-creams, fermented cereal based prod- 
so ucts, milk based powders, infant formulae, pet food or a pharmaceutical composition selected from tablets, liquid 
bacterial suspensions, dried oral supplement, wet oral supplement, dry tube feeding or wet tubefeeding. 
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